I
n recent years, the Centers for Medicare and Medicaid Services issued a report highlighting the need for uniform assessment tools to inform policy decisions on discharge placement, care transitions, and monitoring quality and outcomes. 1 A potential candidate for this purpose is the set of short forms derived from the Activity Measure for Post-Acute Care (AM-PAC), which is a validated measure of patient-reported functional limitation. 2 These abbreviated forms can be used to quickly obtain an accurate assessment of patient-reported outcomes in each of the 3 AM-PAC domains: basic mobility, daily activities, and applied cognition. 3, 4 The ease of use, accurate assessment of functional status, predictive capacity, and comparability of scores across multiple settings make the set of short form AM-PAC instruments a strong potential candidate for a uniform assessment tool in monitoring quality and outcomes and is endorsed by the National Quality Forum as a functional status quality metric. 5 Although the AM-PAC has proprietary restrictions, it has already been applied to many clinical settings. It has been used to assess the efficacy of home exercise programs for hip fracture patients, to measure disability in lung cancer patients, and to track outcomes in stroke patients. [6] [7] [8] Recently, AM-PAC was used as the standard against which to determine the validity of functional limitation severity modifier codes assigned by the Centers for Medicare and Medicaid Services. 9 A key benefit of consolidating patient surveys into 1 generic measure of patient-reported function is that it reduces respondent burden. In order for such a tool to be useful in a clinical context, clinicians and researchers must understand how to interpret changes in AM-PAC scores. The numerical scores in patient-reported outcome tools lack immediate meaning or clinical importance, 10 which is why the concept of the minimal clinically important difference has been proposed as a critical threshold to measure treatment effectiveness. 11 The minimal clinically important difference (MCID) is defined as the smallest change in score that is important to patients. 12, 13 It is typically specific to a particular context and population. There are 2 common approaches to determine the MCID-anchor-based methods, which rely on an external measure of change as the standard, and distribution-based methods, which are based on a statistical measure of variability. 12 Anchor-based methods have been recommended as the primary approach for evaluating meaningful change in patient-reported outcome measures; the use of distribution-based methods is a secondary approach for providing additional evidence supporting the determined values. 14, 15 The MCID has been established to be about 10 for people with low back pain using a back-pain specific patientreported function tool, the Oswestry Disability Index. [16] [17] [18] Patient-reported outcomes are especially relevant to people with low back pain, which is a leading contributor to disability worldwide. 19 In fact, an international, multistakeholder committee has recently recommended physical functioning as a core outcome domain for people with low back pain. 20 Therefore, the purpose of this study was to estimate the MCID of a generic patient-reported function tool, the AM-PAC, for people with low back pain. We used the Modified Low Back Pain Disability Questionnaire as an anchor to identify the MCID for AM-PAC using several anchor-based methods, examined various distribution-based methods to provide supportive information and then triangulated these finding to a small range of values for MCID.
Methods

Study Design
This was a retrospective cohort study of people with low back pain who presented for outpatient physical therapy at Cleveland Clinic Health System facilities in northeastern Ohio. At the Cleveland Clinic Health System, patient-reported outcomes are systematically collected through a comprehensive initiative called the Knowledge Program. 21 Through the Knowledge Program, the administration of AM-PAC was standardized in July 2013 for outpatient physical therapy sites equipped with tablets. The Modified Low Back Pain Disability Questionnaire has been collected at physical therapy sites beginning June 2014 for people seen with lumbar pain.
Study Instruments
The AM-PAC. The AM-PAC was developed using item response theory methods to evaluate functional status in adults across various post-acute care settings. 2 Three distinct functional domains are measured-basic mobility, daily activities, and applied cognition. AM-PAC items in each domain are scaled along a continuum to create "item banks." There are 2 basic forms of the AM-PAC-the computer-adapted testing and the short forms, which consist of a static set of questions from the larger item bank of questions. Short forms have been shown to correlate well with AM-PAC scores obtained from the more extensive AM-PAC item pool scores. 3 Short forms contain 13 to 18 questions, depending on the specific version of the form used. Raw scores are obtained by summing the score for individual item response, with 1 corresponding with the lowest function and 4 with the highest function. Scores range from 18 to 72.
Participants in this study answered the AM-PAC basic mobility short form. Those older than 65 were administered the adapted AM-PAC basic mobility short form, which is modified for people who are older and have reduced function. The age of 65 years was chosen because it is a common cutoff for defining the elderly population. Although this helped to standardize form administration, it is admittedly limited in assuming that those more than 65 years old are less functional than those who are younger.
The Oswestry Disability Index was developed in 1980 and consists of 10 items addressing various aspects of function in low back pain. Each item is scored from 0 to 5, with higher scores indicating greater disability. The score is then multiplied by 2 and expressed as a percentage. The Modified Low Back Pain Disability Questionnaire, which was based on the Oswestry Disability Index, replaces a section on sex life with a section regarding employment and home-making ability because the sex life item is frequently found to be left blank. 22 Several MCIDs for the Oswestry Disability Index, ranging from 2 to 18.5 points, have been suggested. [23] [24] [25] [26] [27] [28] Different sample populations can result in different MCID estimates; for example, it was reported as 6.8 for patients with extension of fusion for adjacent segment disease and as 2 points for patients undergoing revision fusion for symptomatic pseudoarthrosis. 29, 30 We used the value of 10 for this analysis as this has been used by others and, importantly, is greater than the minimal detectable change (MDC) of the Oswestry Disability Index. 17, 18, 31, 32 Understanding both MCID and MDC values aids in determining whether the observed changes in a patient or in a group of patients can be taken as reliable and clinically important. 33 
Participant Population
Our participant population was restricted to adults (≥18 years old) who had a primary ICD-9 code for low back pain (ICD-9 codes 724.2, 724.3, 724.4, and 724.5) who had at least 2 outpatient physical therapist visits during an episode of care. An episode of care was defined as a series of visits where no more than 45 days passed between consecutive visits. The first visit during the episode of care was required to be between September 1, 2014, and March 31, 2015. In cases where the scales were completed on more than 2 visits, we used the last visit in the episode of care as the follow-up score. To be included for analysis, we further required that the same version of the AM-PAC be used for both visits.
Statistical Methods
Descriptive statistics for the cohort and stratified by AM-PAC version (basic mobility vs adapted basic mobility) were computed. Group comparisons of participant and clinical characteristics were conducted using t tests or Wilcoxon tests for continuous variables and chisquare tests for categorical variables. To assess for selection bias, we computed descriptive statistics for the groups of eligible participants who were and were not included in the final analysis using the same statistical tests described above.
We determined the MCID for the T-scores for each of the AM-PAC versions (basic mobility and adapted basic mobility). To achieve this determination, we used both anchor-based and distribution-based methods.
Anchor-Based Methods
We used 1 anchor scale, the Modified Low Back Pain Disability Questionnaire, in determining MCID for AM-PAC. To ensure that the Modified Low Back Pain Disability Questionnaire was an adequate anchor for the AM-PAC, we examined the criteria set forth by Yost et al. 34 Namely, we required the Modified Low Back Pain Disability Questionnaire to have an effect size between 0.2 and 0.8, the absolute Spearman correlation between the Modified Low Back Pain Disability Questionnaire and each of the AM-PAC scores to be greater than .3, and the number of participants experiencing minimal improvement in the Modified Low Back Pain Disability Questionnaire to be at least 10 points.
We used 2 separate anchor-based statistical methods to estimate the MCID for the AM-PAC scores using the Modified Low Back Pain Disability Questionnaire. The first method was the mean change in the small-improvement group (MC-SIG). In the MCSIG method, we computed the average change in AM-PAC scores for participants who experienced a small improvement in the Modified Low Back Pain Disability Questionnaire. The Modified Low Back Pain Disability Questionnaire has been shown to have an MCID of 10 in the literature. 17 A small improvement in the Modified Low Back Pain Disability Questionnaire was defined as an improvement in the score of between 10 and 20 points. Yost et al 34 defined minimal improvement in an anchor scale as being between the MCID value and twice the MCID value-hence, the range of 10 to 20 for the Modified Low Back Pain Disability Questionnaire.
The second method we used was the receiver operating characteristic method, as employed by Fritz and Irrgang. 36 We defined participants who improved in the Modified Low Back Pain Disability Questionnaire by 10 or more points as "improved" and performed a receiver operating characteristic analysis where improvement in the Modified Low Back Pain Disability Questionnaire was considered the reference standard. Then, for each observed change in AM-PAC score, we plotted the corresponding values for sensitivity on the y-axis and 1 minus the specificity on the x-axis. The MCID was estimated as the change in AM-PAC score corresponding to the point on the receiver operating characteristic curve that was closest to the upper left-hand corner of the graph.
Distribution-Based Methods
Standard deviation. Norman et al 35 found that one-half the baseline standard deviation was a close approximation of the MCID in a variety of patient-reported outcome studies. Thus, for each AM-PAC version, we multiplied the baseline standard deviation of the T-scores by 0.5 as an estimate of the MCID.
Effect size. Effect size is calculated by taking the difference in means of the baseline and follow-up scores and dividing by the standard deviation of the baseline score. Cohen defined effect size values of 0.2, 0.5, and 0.8 as small, moderate, and large effects, respectively. 36 A change in score that corresponds to the small effect size value of 0.2 can be considered an estimate of the MCID. 28, 37 We multiplied the baseline standard deviation of each AM-PAC version score by 0.2 as another estimate of the MCID.
Standard error of measurement (SEM).
The SEM "is the variation in the scores due to the unreliability of the scale or measure used." 12 Because the T-scores for AM-PAC are based on item response theory, each participant has a standard error associated with his/her T-score and the SEM can be found by taking the average standard error across the entire sample.
The MDC. The MDC is the amount of change required to be 95% confident that the observed change is real change and not just measurement error. It is computed by taking the square root of twice the SEM and multiplying the result by 1.96. In other words, MDC = 1.96 × (2 × SEM) 1/2 . According to Copay et al, 12 a valid MCID should be at least as large as the MDC. Thus, in determining MCID for the AM-PAC, we required the smallest value for the MCID be at least as large as the MDC.
All computations were done in R, version 3.2.4, 38 and P values of less than .05 were considered statistically significant.
Results
A total of 5,546 adults were seen at least twice in a physical therapist episode of care that began between September 2, 2014, and March 31, 2015, where a primary ICD-9 code for low back pain (ICD-9 codes 724.2, 724.3, 724.4, and 724.5) was given on at least 1 of the visits within the episode of care. Of these, 1,300 participants completed both the AM-PAC and the Modified Low Back Pain Disability Questionnaire on at least 2 visits. However, 29 of these participants completed different versions of the AM-PAC at the 2 visits. Thus, a total of 1,271 participants who completed the same version of the AM-PAC at both visits were available for analysis. Of these, 862 participants completed the AM-PAC basic mobility version, whereas 409 completed the adapted AM-PAC basic mobility version. The MDC of the Modified Low Back Pain Disability Questionnaire in the study sample was 5.6. Table 1 displays descriptive statistics for the cohort of 1,271 participants that were included in the final analysis as well as the 4,275 adults who were excluded from the analysis. Included participants were more likely to be men, white, married, and working, lived in zip codes with higher median income, and also had a higher median number of physical therapist visits in their episode of care. Table 2 displays a comparison of the characteristics of participants who completed the AM-PAC basic mobility version and those who completed the adapted AM-PAC basic mobility version. Participants who completed the AM-PAC basic mobility version were much younger, less likely to be white, less likely to be married, more likely to work, lived in zip codes with lower median income, and had higher baseline Modified Low Back Pain Disability Questionnaire score. There were no sex differences and no differences in the number of physical therapist visits. a Data are reported as number (percentage) of participants or adults unless otherwise noted. Included participants were those who had low back pain (LBP), had at least 2 visits, and completed both the Activity Measure for Post Acute Care (AM-PAC) and the Modified Low Back Pain Disability Questionnaire at both visits. Excluded adults were those who had at least 2 visits for LBP but did not complete both questionnaires at both visits. HH = household, IQR = interquartile range. Table 4 displays MCID estimates for both versions of the AM-PAC, using both anchor-based and distribution-based methods. For the AM-PAC basic mobility T-scores, the anchor-based methods yielded MCID estimates between 3.4 and 5.1 while distribution-based estimates ranged from about 1.7 to 4.2. The MDC was 3.9. Taken together, the data supports a range of MCID estimates between about 3.9 and 5 for the AM-PAC basic mobility.
Suitability of the Modified
Minimal Clinically Important Difference Estimates
For the adapted AM-PAC basic mobility version, MCID estimates of the T-scores, the anchor-based methods yielded estimates between 2.9 and 4.0 while distribution-based methods yielded estimates ranging from 1.2 to 4.1. The MDC was the largest MCID estimate at 4.1. Taken together, the data supports MCID estimates of approximately 4.1 for the adapted AM-PAC basic mobility version.
The receiver operating characteristic curves for determining the AM-PAC a The 95% CIs were computed using bootstrap methods with 10,000 iterations. 
Discussion
In this study of adults receiving physical therapy for low back pain, the MCID for the AM-PAC-BM was estimated to be between 3.9 to 5, and 4.1 for the adapted AM-PAC basic mobility version for a less functional elderly population. The MCID was presented as a range of estimates for the AM-PAC basic mobility version because the MCID was calculated using multiple different methods. The lower limit of these estimations was effectively determined by the calculated MDC, ensuring that the suggested range is at least as large as the minimally detectable statistical change. 12 The MCID for the adapted AM-PAC basic mobility version is presented as a single value because the calculated MDC represented the upper limit of all calculated estimates.
To our knowledge, the MCID for AM-PAC has not been established for any specific disease, let alone back pain. A major strength is the large sample size of our population. An additional strength of our calculation of the MCID is the use of both distribution and anchor-based methods. 39, 40 Our anchor, the Modified Low Back Pain Disability Questionnaire, met all 3 criteria for suitability of an anchor. In addition, changes in AM-PAC correlated well with changes in the Modified Low Back Pain Disability Questionnaire, lending further credibility to the anchor-based results.
There is growing interest in establishing a set of standardized outcome measures to follow disease outcomes. 41 Generic instruments can be used across different conditions, which may reduce collection burden of both patients and health care systems. Although they are considered less powerful in detecting treatment effects than specific instruments, 42 generic measures of patientreported outcomes have been shown to be adequate for detecting change in several diseases such as rheumatoid arthritis, Parkinson disease, lung cancer, and asthma. [43] [44] [45] On the other hand, multiple studies suggest that using both disease-specific and generic questionnaires provides the most complete insight into patient-reported outcomes, especially for quality of life. [46] [47] [48] There are several other limitations to our study. Not all participants with 2 visits completed both questionnaires at both time-points. Another weakness is that most of our study population was white and from a single health care system in northeast Ohio. Less than a quarter of participants seen twice for back pain completed both the AM-PAC and the Modified Low Back Pain Disability Questionnaire, introducing the possibility of selection bias. Excluded participants had fewer median physical therapist visits than included participants, which may indicate a more treatment-adherent population. The median Modified Low Back Pain Disability Questionnaire score was 34, and it is unclear whether study results could be extrapolated to those with greater disability scores.
Within these limitations, we provide a reasonable estimate of the MCID for AM-PAC in participants with low back pain. This information can be applied immediately to the interpretation of AM-PAC scores by clinicians and researchers alike in assessing the efficacy of their interventions. Future studies can make further use of the AM-PAC MCID to identify people who are most likely to benefit from an intervention.
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